Background: The paper focusses on the efficiency evaluation of the EU-28 NUTS 2 regions production process according to the concept of the Regional Competitiveness Index 2013. Objectives: Production units are divided into four groups using the factors of regional competitiveness. Production technology also enables reduction of the undesirable outputs (a negative impact on health and long-term unemployment). Based on the analysis of distance of the production units from the efficiency frontiers, a directional output distance function assuming a constant return to scale is used. This approach thus respects the heterogeneity among the groups of regions. Methods/Approach: The nonparametric meta-frontier Data Envelopment Analysis approach was used in two steps. Firstly, the efficiency evaluation within each group of regions is provided and in the second step the meta-frontier is set down. For the measurement of the gap between the groupfrontier and the meta-frontier, the technology gap ratios are provided. The paper also analyses environmental inefficiencies. Results: The obtained results indicate that a significant improvement of meta-technology ratio holds within the European context. Conclusions: The combination of empirical findings, with respect to technology gaps and environmental technology gaps, supports the evidence that traditional differences of technological frontiers formation are more significant in comparison to group frontiers constitution.
Introduction
Evaluating the competitiveness of the region pursues not only economic but also social sustainable development. This is reflected in the measurement and evaluation of the efficiency of regions. Also, the output characteristics of the production process of the region include not only desirable outcomes, but the negative outcomes associated with the environment. Rising energy consumption causes increase in carbon dioxide emissions, the imbalance in the labour market may lead to a growth in the number of long-term unemployed, stress and workload growing traffic may cause a higher number of sick economically active population. Regions also differ in terms of development level as well as in the possibility of using their potential (Rehacek, 2011) .
For monitoring the efficiency of the production process is then better assess homogeneous groups of regions and compare their comparative advantages and disadvantages. Problematic issue also is the integration of data sets that include characteristics of regions and the ongoing processes in regions, which need a good understanding of broader context; see (Macpherson et al., 2010) . To understand these linkages and possible data reduction, multivariate statistical methods can be used as demonstrated e.g. (Tran et al., 2006; Stanickova, 2014) .
For examining the efficiency of the production process, homogeneous regions can be applied using a nonparametric approach of Data Envelopment Analysis optimizing the efficiency index based on share of weighted combination of outputs to inputs. Another approach can be the parametric estimation of stochastic limit using Stochastic Frontier Analysis, which has been used by a series of scientific papers on the macro or micro data; see, e.g. (Song et al., 2012; Mandak, 2014) .
The paper is focused on efficiency evaluation of EU-28 NUTS 2 regions by selected regional data included in one composite indicator -Regional Competitiveness Index published in 2013 (RCI 2013) . This synthetic indicator has been finally performed by Annoni et al., 2013 . The roots of the RCI 2013 lay down in the most known competitiveness indicator, the Global Competitiveness Index reported by the World Economic Forum; see European Commission, 2013. RCI 2013 presents an index that includes 73 indicators from set of 80 candidate indicators. In the paper, we understand the measuring environmental efficiency as measuring the production environment efficiency just by using selected socio-economic indicators based on competitiveness approach and included undesirable outputs in the form of negative impacts on health and long-term unemployment.
The paper is also focused on the impact of inefficiencies that can be caused by different technological processes of production but also by inefficient decisions of the decision making unit (DMU) in homogeneous groups as compared with the inefficiency based on the meta-frontier (Chiu et al., 2012) . The structure of the paper includes an introductory part focused on the competitiveness concept in regional dimension of the European Union. The second part summarizes methodology of nonparametric Data Envelopment Analysis (DEA) approach based on direct distance output function with the involvement of the undesirable outputs and the differences between meta-frontiers and group-frontiers. The third part of the paper describes data, includes the empirical results and discussion on estimation of the meta and group (in)efficiency. The final part of the paper summarizes the main empirical results.
Methodology
Efficiency of the production units might be evaluated by the parametric and nonparametric approach. The classic non-parametric approach used in the analysis of the data set is defined by certain combination of outputs and inputs. Unlike the second one -parametric approach evaluates the efficiency through the estimated parameters defined by production function in advance (Hanclova, 2015) . Presented paper is focused on non-parametric approach to the efficiency evaluation using production including undesirable and desirable economic, social and infrastructural outputs based on the RCI 2013 approach.
The production function has no assumptions about functional form but looks up for a maximum amount of desired output production uses contracted inputs and undesirable outputs; see e.g. (Macpherson et al., 2010) . Furthermore, it is distinguished from the production function with the constant return to scale (CRS) or variable return to scale (VRS) revenue from the range of production function. The paper follows CRS production function. For measurement of the DMU distance from the efficiency frontier the directional output distance function that takes into account the presence of heterogeneity is used.
Directional distance function (DDF) in empirical analysis can be computed in several forms. Obviously, there are differences between the above mentioned approaches. We employ the latter approach in our paper. Assuming for each production unit a productive process using an input vector 
The set P in the equation (1) includes all feasible technology relationships between inputs and outputs. Oh (2010) states required assumptions for the set P in the form of following axioms assumed on the output side: We suppose that decrease of bads are costly in the axiom of weak disposability of outputs. The first axiom indicates that the reduction of the undesirable outputs is possible only in the case of the simultaneous reduction of the desirable outputs (Oh, 2010) . The second axiom supposes that weak disposability of outputs may not be free activity as stated in classical production theory (Picazo-Tadeo et al., 2005). The desirable outputs that are freely disposed of, may be reduced without the reduction of the undesirable outputs. The third axiom of null-joint production explains that bad and good outputs are jointly produced and if units want to produce a positive amount of desirable outputs some undesirable outputs will be also produced (Picazo-Tadeo et al., 2005).
We also consider group heterogeneity in production activities and we suppose that production technology of one group is dissimilar from other groups. We expect that there are G different groups ( 1, , ) gG  in the complete meta-group. Chung et al. (1997) and Picazo-Tadeo et al. (2005) use representation of the joint production of desirable and undesirable outputs by extending the Shepherd's output distance function to the DDF (Shepard, 1970). In our case the distance is defined for the o-thunit in the g group as follows (Oh, 2010) :
where ( , )  yb g g g is a direction vector. This distance function looks for maximum of permissible desirable outputs in the gy direction and the largest attainable reduction of undesirable outputs in the -gb direction, which is negative and therefore is the consequence of the reduction of undesirable production output. For simplification we also replace We assume to have a sample of 1, , kK  production units, a vector of
inputs to obtain a vector of 1, , mM  desirable outputs and 1, , fF  undesirable outputs. We also suppose that the production set of inputs and outputs is weak disposal. Technology is set under the condition of constant returns to scale (Chiu et al., 2012) . Using the directional output distance function, we solve following optimization model: Chiu et al. (2012) estimated a meta-frontier using of overall groups as well as their group frontiers. These groups should capture the heterogeneity of the production processes better with regard to the technologies or variable production environment of the input resources or desirable and also undesirable outputs. All EU-28 NUTS 2 regions are divided into 1,2, ,G groups and for each group is defined (3) to (7), which is analysed for the whole sample or particular group g. The efficiency based on the meta-frontier is less or equal to the efficiency based on the group frontiers (Chiu et al., 2012), i.e. 
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Results and Discussion
The data set for empirical analysis was collected from regional statistics database of Table 1 ).
Selected dataset of RCI 2013 indicators in Table 1 The efficiencies of the group-frontiers and meta-frontier are estimated using optimization model for 258 NUTS 2 regions and further for each group using a free version of R software. Table 2 summarizes the amounts of efficient NUTS 2 regions by the meta-environmental efficiency   MEE and group environmental efficiency   GEE . For the whole sample the share of the efficient regions reached almost 70%. In the second group there are all NUTS 2 regions defined as efficient. In the other groups, the share of efficiency units is in the range from 91.3 to 98.6%, which is in compliance with other comparative empirical studies focused on EU Member States or regions; see e.g. Source: Author's calculation and elaboration Table 3 completes further descriptive statistics of the efficiency indices for analysed group samples and confirms the following relation: average metaenvironmental efficiency is lesser or equal to the average group-environmental efficiency. The lower average group-efficiency was indicated in the first group of the regions and the highest standard deviations were identified. On the contrary, in the second group the efficiency was almost unitary with the lowest variability inside the group. A share of the efficient units in the fourth group of the regions was in the amount of 0.998% and variability of the efficiency in the group was lower compared to the second group. The differences between the efficiencies of the meta-frontier and group-frontiers were investigated using non-parametric statistic. We applied the Kruskal-Wallis test using SPSS 22. The results show that the Kruskal-Wallis value is 6.133. We reject the null hypothesis and conclude that the distribution of MEE is not the same across group samples at 5% level of significance (sig. = 0.105). These results present that the four group-samples differ in population. We also detect statistical significant technology heterogeneity. Conclusions of the Kruskal-Wallis test also confirm the MTR indicator is the lowest for the fourth group with the highest standard deviation. The lowest average level of MTR is for the first group of analysed NUTS 2 regions, but variability is in the group higher compared to the second group.
We can also briefly mention individual results of environmental efficiency of the meta-frontier in various group-samples ( g o MEE ). Among the worst efficient NUTS 2 regions belong Groningen, Bremen, South Western Scotland, Zachodniopomorskie and Dolnośląskie, where the reduction of undesirable outputs and increasing desirable outputs should be at the minimal level of 6%. The following NUTS 2 regions Prov. Oost-Vlaanderen, Pomorskie, Prov. Namur, East Wales, Lorraine and Lietuva should decrease undesirable outputs and increase desirable outputs minimally by 5%. Significant share between the environmental efficiency of the meta-frontier and group-frontier for the above mentioned NUTS 2 regions demonstrates that there is a higher technology heterogeneity of the production process in comparison to the group and meta-frontier. We also analyse boxplots for the environmental efficiency in different group-samples ( The low value of the indicator meta-technology ratio   MTR in the range from 0.918 to 0.949 indicates that mainly in case of the following NUTS 2 regions: Bremen, Groningen, South Western Scotland, Prov. Oost-Vlaanderen, Pomorskie, East Wales and Lorraine. There is a higher technology heterogeneity of the production process with in comparison to the group and meta-frontier. A region with a specific production technology may be detected there. If GMI has a positive value and higher than value of TGI, these regions (Prov. Namur, Dolnośląskie and Zachodniopomorskie) have a problem not only with technological process in relation to the group, but also by excessive inputs and undesirable outputs as well as by deficit of the desirable outputs. Source: Author's illustration
Conclusion
The paper deals with the evaluation of the efficiency of the production process of 258 NUTS 2 regional units in the EU-28 countries in the reference period between years 2006 and 2011. Production process comes out of the concept of input and output indicators by the RCI 2013 methodology focused on evaluation of regional competitiveness.
As benefit of the paper we find an inclusion of selected undesirable outputs in a form of negative impacts on health (e.g. car accidents linked with the increasing traffic load, lifestyle diseases as a cancer following increasing stress situation in work) and long-term unemployment. For the evaluation of the production process, a directional output distance function taking into account the presence heterogeneity.
The objective of the optimization model is maximization of the efficiency within minimal inputs and common increase in desirable outputs and reduction of the undesirable outputs. Another benefit of the paper is the analysis of the relation between meta-frontier and group-frontier, which in case of 258 NUTS 2 regions may distinguish a variable heterogeneity of the production process in the groups. Four groups of NUTS 2 regions were classified on the platform of RCI 2013.
The results of the research might be summarized into the following conclusions. o Within the analysis of meta-frontier -it was identified, that 69.4% of the regional production units was efficient.
o Average level of meta-environmental efficiency   MEE was higher (0.997) in the second group of EU-15 regions with the below-average level of RCI 2013 compared to the EU-28 regions and also variability of the efficiency was the lowest compared to the other groups. On the other hand, the lowest average meta-efficiency (0.989) was indicated by the fourth group of regions in the EU-15 countries with the above-average of RCI 2013 in the EU, but with the highest efficiency variability in the group.
o Average level of the meta technology ratio   MTR in the groups was in the range from 0.9896 -0.9969 and therefore it seems that heterogeneity between groups is low, but the Kruskal-Wallis test has indicated that four group-samples are presented by dissimilar populations and that technology heterogeneity being present between them at 5% level of significance.
o Average inefficiency in the group   GMI was lower than average technology-gap inefficiency   TGI and in all analysed groups.
o Significant impact on the average environmental inefficiency   MTI based on the meta-frontier has mainly TGI and also deficit of the desirable output and surplus of inputs and mainly undesirable output. o Also a region with the highest and the lowest meta-efficiency was detected and the regions might be classified into the groups by the influence TGI or GMI and based on the result a specific regional policy should be devoted to the analysed groups of NUTS 2 regions. o As important part of the research we consider the analysis of the features of the (in)efficiency in time.
